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(54) Receiving circuit 

(57) A receiving circuit has an automatic level setting 
function for a background noise on the receiver side to 
generate a background noise free from incongruous 
aural sensation. This circuit is equipped with a 
voice/silence unit which detects whether a received sig- 
nal is in a voice or a voiceless state, a signal level detec- 
tion unit which detects the signal level of the received 
signal, a background noise unit which outputs a back- 
ground noise, a selector which selects and outputs the 
received signal during the voiced period and the output 



signal of the background noise unit during the voiceless 
period, a level holding unit which holds the signal level 
output at the preceding sampling timing detected by the 
signal level detection unit, and a comparison unit which 
compares the present signal level output of the signal 
level detection unit and the preceding signal level output 
held in the holding unit, the background noise signal 
being thus obtained, by adding or subtracting a prede- 
termined specified noise level to or from, or by giving any 
change to, the preceding background noise signal. 
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Description 

BACKGROUND OF THE INVENTION 

Held of the Invention s 

The present invention relates to a receiving circuit 
and, more particularly, to a receiving circuit having the 
function of inserting a background noisa Such a circuit 
is applied widely to a digital cordless telephone set "> 
employing an adaptive differential pulse-code modula- 
tion (ADPCM) codec or the like. 

Description of the Prior Art 

15 

In a receiving circuit of the above kind, when the sig- 
nal level is brought to zero during a voiceless (silent) 
period, speech becomes to lose natural sensation due 
to sudden disappearance of the background noisa To 
remedy the situation, a background noise is inserted to so 
the receiving circuit during the voiceless period. 

Referring to FIG. 3, there is shown the configuration 
of an internal automatic level setting circuit for the back- 
ground noise on the receiver side in a conventional cord- 
less telephone set This circuit includes a voicefeilence 25 
detection circuit 1 which detects whether a received 
speech signal 101 belongs to a voiced or a voiceless 
state, a signal level detection circuit 2 which detects the 
signal level of the received speech signal 1 01 at specified 
timings, a background noise generating circuit 6, and a so 
switch or selector 7 from which an audio signal 108 is 
derived. The received speech signal 1 01 is input in com- 
mon to the voice/silence detection circuit 1, the signal 
level detection circuit 2, and the selector 7. 

The circuit 1 observes the conditions of the received 35 
speech signal 1 01 and outputs a voice/silence detection 
signal 103 which is at a high level (high potential) when 
the received speech signal is voiced and is at a low level 
(lew potential) when it is voiceless. This 103 is supplied 
in common to the signal level detection circuit 2 and the 40 
selector 7. 

The circuit 2 detects the signal level of the received 
speech signal 101 at the timing (referred to as "back- 
ground noise level update timing") of transition of the 
voice/silence signal 103 from the high level to the low 45 
level, outputs a detected level signal 102 which has a 
magnitude or amplitude proportional to the detected sig- 
nal level, where the detected level signal 102 is input to 
the background noise generating circuit 6. The circuit 6 
generates and outputs an internal background noise sig- so 
nal 1 07 which is a background noise that is proportional 
to the amplitude of the detected level signal 102. This 
noise signal 107 is in turn supplied to the selector 7. In 
response to the detection signal 103, the selector 7 
selects the received speech signal 101 when the signal ss 
103 is at the high level (namely, when it is voiced), and 
selects the internal background noise signal 107 when 
the voice/silence decision signal 103 is at the low level 
the background noise level at the preceding timing by 



(namely, when it is voiceless), and outputs the selected 
signal as the audio signal 108. 

As described in the above, in the prior art, the signal 
level of the received speech signal 1 01 is detected at the 
timing of transition of the received speech signal 101 
from voiced to voiceless condition, and a background 
noise with a level corresponding to the level of the 
detected signal is regenerated and is inserted to the 
receiver circuit during the voiceless period as an audio 
signal 108. By so doing, an unnatural sensation gener- 
ated due to the difference in the levels of the background 
noise during the voiced period and the voiceless period, 
which becomes a probl em in such a case as the insertion 
of a background noise of a fixed level to the receiving 
circuit during the voiceless period, is arranged to be elim- 
inated. The prior art as shown in FIG. 3 is applied pref- 
erably to a digital cordless telephone set. in particular, to 
an ADPCM codec or the like. 

However, in the prior art as shown in FIG. 3, the 
background noise proportional to the detected signal 
level is regenerated at every background noise level 
update timing, so that when an impulse noise or the like 
is generated at that timing, a background noise propor- 
tional to the level of the impulse noise is created, gener- 
ating an unnatural background noise which gives rise to 
an aurally incongruous sensation such as one caused 
by a sudden change in the background noise. 

SUMMARY OF THE INVENTION 

tt is therefore an object of this invention to eliminate 
the above-mentioned problem, and to provide, a receiv- 
ing circuit which can generate a background noise free 
from incongruous aural sensation. 

A receiving circuit according to the present invention 
comprises a voice/silence detection circuit detecting 
whether a received speech signal is in a voiced or a 
voiceless state, a signal level detection circuit detecting 
the signal level of the received signal, a background 
noise generator generating a background noise signal, 
a selector selecting the received signal during a voice 
period and selecting and outputting the output signal of 
the background noise signal during a voiceless period, 
a holding circuit holding the signal level output of the pre- 
ceding sampling detected by the signal level detection 
circuit, and a comparator for comparing the output of the 
signal level detection circuit with the signal level output 
at the preceding timing held by the holding circuit. The 
background noise outputting means is so controlled as 
to output a background noise signal having a level 
obtained by adding to or subtracting from the backyound 
noise level at the preceding timing a specified noise level 
determined in advance in response to the comparison 
result of the comparator. 

This invention is characterized in that it is provided 
with a means which, in response to the comparison 
result controls the background noise outputting means 
to output a background noise so as not to deviate from 
more than a specified level. 
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Moreover, it is preferable in this invention to have a 
means which controls so as to output the background 
noise level as it is when the difference between the 
present signal level output of the signal level detection 
means and the output of the signal level held in the 
detected level holding means falls within the range of the 
level defined by predetermined upper and lower limits, 
output a background noise with a level lower by a spec- 
ified amount than the background noise level at the pre- 
ceding timing when the difference is smaller than the 
lower limit, and output a background noise with a level 
higher by a specified amount than the background noise 
level at the preceding timing when the difference is 
greater than the upper limit 

Furthermore, it is preferable in this invention that the 
detected level holding means holds the signal level out- 
put ((n-1)th sample) of the signal level detection means 
at the timing where the decision output of the 
voice/silence decision means of the received signal 
makes a transition from a voiced to a voiceless state, and 
the comparison means outputs the difference between 
the present signal level output (n-th sample) of the signal 
level detection means and the signal level output ((n-1 )th 
sample) held in the detected level holding means as the 
comparison result. 

In an AD PCM codec equipped wfth an internal auto- 
matic level setting circuit for the receiver side background 
noise, consisting of a circuit for deciding whether the 
received signal is in a voiced or a voiceless state, a circuit 
for detecting the signal level of the received speech sig- 
nal, a background noise generating circuit for outputting 
a background noise, and a switch for selecting the 
received speech signal or the background noise gener- 
ated by the background noise generating circuit as an 
aural signal, this invention provides an AD PCM codec 
which is characterized in that it is equipped with a means 
for comparing the present sample value with the sample 
value at the preceding timing, of the level of the received 
speech signal, and a means for controlling the back- 
ground noise generating circuit so as to output the 
present background noise which does not deviate from 
the background noise level of the preceding sampling by 
more than a specified amount 

With the above-mentioned configuration, the level 
change in the background noise regenerated on the 
receiver side is contained within a range specified in 
advance, so that this invention is capable of providing a 
background noise free from inconp/uous aural sensation 
by restricting the deviation of the present level of the 
background noise from the level of the preceding sam- 
pling only by one step even when an impulse noise is 
generated at the time of updating the background noise 
level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other objects, features, 
and advantages of this invention will become more 
apparent by reference to the following detailed descrip- 



tion of the invention taken in conjunction wfth the accom- 
panying drawings, wherein: 

FIG. 1 is a block diagram showing the configuration 
5 of an embodiment of this invention; 

FIG. 2 is a diagram for describing an example of 
changes in the level of the background noise; and 
FIG. 3 is a block diagram showing the configuration 
of the prior art , 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to FIG. 1 . there is shown a block dia- 
gram indicative of an embodiment of this invention, in 

is which the same constituents as those shown in FIG. 3 
are denoted by the same reference numerals. 

The circuit as shown in FIG. 1 includes a 
voice/silence detection circuit 1 which receives a speech 
signal 1 01 and detects whether it is in a voiced or a voice- 

20 less state. The signal 101 is further supplied to a signal 
level detection circuit 2 which detects the signal level of 
the speech signal 1 01 at specified timings and produces 
a detection signal 1 02 thereof. This signal 1 02 is supplied 
to a holding circuit 3 and temporarily held therein until 

25 the circuit 2 operates at the next sampling timing. There 
are further provided a comparator circuit 4, a control cir- 
cuit 5, a background noise generating circuit 6, and a 
selector 7. 

In operation, the speech signal 101 is supplied in 

30 common to the voice/silence detection circuit 1 , the sig- 
nal level detection circuit 2, and the selector 7. The circuit 
1 observes the conditions of the received speech signal 
101, and outputs a voice/silence decision signal 103 
which is at a high level (high potential) when the received 

35 speech signal is voiced and is at a low level (low poten- 
tial) when it is voiceless. This signal 103 is supplied to 
the signal level detection circuit 2, the control circuit 5, 
and the selector 7. 

As described in conjunction with the prior art, the 

40 signal level detection circuit 2 detects the signal level of 
the received speech signal 101 at the update timing of 
the background noise level where the signal 103 makes 
a transition from the high level to the low level, and out- 
puts the detected level signal 102 which is proportional 

45 to the signal level. The detected level signal 1 02 is in turn 
supplied to the preceding detected level holding circuit 3 
and the comparator circuit 4. 

The holding circuit 3 fetches and thus temporarily 
holds the detected level signal 102 every background 

so noise level update timing, and outputs the previously- 
held level signal as a preceding detected level signal 104 
which is in turn supplied to the comparator circuit 4. The 
comparator circuit 4 detects the level variation by com- 
paring the magnitude of the detected level signal 102 and 

55 the preceding detected level signal 104 at every back- 
ground noise level update timing to output the variation 
(difference value) as a variation signal 105. This signal 
105 is then input to the control circuit 5. The signal 105 
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thus represents a difference between n-th detected sig- 
nal and (n-1)th detected signal. 

The control circuit 5 responds to signal 1 05 and con- 
trols its output signal 1 06 such that the background noise 
level signal 106, which has been produced in response 
to the previous ((rv1)th) operation, is raised or lowered 
by a predetermined specified amount, or not changed. 
This noise level signal 106. Thus controlled in then sup- 
plied to the background noise generating circuit 6, in 
which an internal background noise signal 107 propor- 
tional to the magnitude of the background noise level sig- 
nal 1 06 is generated and supplied to the selector 7. This 
selector 7 selects the received speech signal 101 when 
the voice/silence detection signal 1 03 is at the high level 
(namely, when it is voiced) and selects the internal back- 
ground noise 107 when the signal 103 is at the low level 
(namely, when it is voiceless), and outputs the selected 
one as an output signal 108. 

Referring to FIG. 2, the above operation of this 
embodiment will be descrfoed below in more detail. FIG. 
2 shows a timing chart which represents an example of 
the changing situation versus the time axis, of the back- 
ground noise level signal 106 which is the output of the 
control circuit 5, and the changing process of the 
voice/silence detection signal 103 corresponding to the 
time axis is also shewn in the figure. 

In addition, the pair (combination) of the detected 
level signal 1 02 (r J and the preceding detected level sig- 
nal 1 04 (r,^) at every background noise level update tim- 
ing (shown by the broken line in the figure) where the 
voicefeilence signal 1 03 makes a transition from the high 
level to the low level is shown in time sequence in FIG. 
2. In FIG. 2. the suffix n of the detected level signal r n 
corresponds to the number of times of occurrence of the 
background noise. 

When the detected level signal 1 02 at the n-th back- 
ground noise level update timing is called r n and the pre- 
ceding detected level signal 104 output from the 
preceding detected level holding circuit 3 is called r^, 
the variation signal 105 output from the comparator cir- 
cuit 4 is represented in FIG. 2 as the level variation r n - 

'n-1- 

When the level variation r n - r n . 1 is smaller than a 
minimum value r min specified in advance (namely, when 
r min > r n " r rvi )» ^ e con ^°^ circuit 5 outputs the signal 
obtained by lowering the level of the preceding ((n-1)th) 
background noise level by a predetermined specified 
level value b as the present (n-th) background noise level 
signal 106. This signal 106 is held by the control circuit 
5 until the next background noise level update timing. 

When the level variation r n - r^ falls within the range 
between predetermined minimum value r min and maxi- 
mum value w (namely, when r ^ s r n - r ^ srj, 
the control circuit 5 holds the level of the present (n-th) 
background noise level signal 106 at the same level as 
that of the preceding ((n-1)th) background noise level 
signal. 

Furthermore, when the level variation r n - r rv1 is 
larger than the predetermined maximum value 



(namely, when r^ < r n - r rv1 ), the control circuit 5 out- 
puts the signal obtained by raising the level of the pre- 
ceding ((n-1 )th) background noise level signal by the pre- 
determined specified level b as the present (n-th) 

5 background noise level signal 106. H should be noted 
that the maximum value r^ and the minimum value r mjn 
may be set to be variable (provided that r mjn < r^. 

As described in the above, based on the level vari- 
ation r n - r^, the control circuit 5 determines the level of 

w the present (n-th) background noise signal 106 so as to 
be changed from that of the preceding ((n-1)th) back- 
ground level signal by one step unit (±b) at the most, and 
holds the value until the next background noise level 
update timing. Therefore, even when the detected level 

is signal 102 undergoes a sudden change due to genera- 
tion of an impulse noise at a time of signal level detection, 
the change in the background noise level signal 106 is 
positively confined within a specified range. In other 
words, as shown in FIG. 2, the background noise level 

so signal 106 undergoes a change of a maximum of one 
step unit based on the level variation r n - r^, so that 
there will not be output a signal with large level change 
and steep gradient, proportional to an impulse noise or 
the like, and the background noise level signal 106 will 

25 follow slowly the changes in the detected level signal 
102. 

Therefore, the level of the internal background noise 
signal 107 will not undergo a sudden change even when 
an impulse noise is generated at an updating time of the 
30 background noise level during regeneration of a back- 
ground noise on the receiver side, so that this embodi- 
ment is capable of generating a natural background 
noise free from incongruous aural sensation. 

As described in the above, the level of the back- 
as ground noise undergoes a change only within a specified 
range, without a sudden change, even when an impulse 
noise is generated at an updating time of the background 
noise during regeneration of a background noise on the 
receiver side. Therefore, this invention exhibits an effect 
40 that it can generate a background noise free from incon- 
gruous aural sensation. 

According to this invention, the device is controlled 
such that it selects either one of the signal obtained, by 
adding or subtracting a predetermined specified level 
45 value to or from, or by holding the level at the same value 
as, the background noise output at one sampling period 
earlier. Therefore, even when there is generated an 
impulse noise at a signal detection time, the signal level 
is changed from the background noise level at one sam- 
50 pting period earlier by one step portion at the most, so 
that it is possible to generate a background noise which 
has no sudden change and is free from incongruous 
aural sensation. 

Moreover, according to this invention, it is possible 
55 to suppress an impulse noise or the like to be output as 
a background noise, and generate a natural background 
noise free from incongruous aural sensation by a simple 
constitution of adding a preceding detected level holding 
circuit, a comparator circuit which outputs the variation 
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in the detected level signal, and a control circuit which 
updates the background noise level at every background 
noise level update timing. 

Although the invention has been described with ref- 
erence to a specific embedment this description is not s 
meant to be construed in a limiting sense. Various mod- 
ifications of the disclosed embodiment, as well as other 
embodiments of the invention, will become apparent to 
persons skilled in the art upon reference to the descrip- 
tion of the invention. It is therefore contemplated that the 10 
appended claims will cover any modifications or embod- 
iments as fall within the true scope of the invention. 

Claims 

15 

1. A receiving circuit comprising voice/silence detec- 
tion means for detecting whether an input signal is 
voiced or voiceless, signal level detection means for 
detecting a signal level of said input signal, back- 
ground noise outputting means for outputting a 20 
background noise signal, selection means for select- 
ing and outputting said input signal during a voiced 
period and said background noise signal during a 
voiceless period, holding means for temporarily 
holding an output signal from said signal level detec- 25 
ton means, and comparison means for comparing 

an output signal currently produced said signal level 
detection means with an output signal from said 
holding means, said background noise outputting 
means outputting said background noise signal in 30 
response to an output of said comparison means. 

2. The receiving circuit as claimed in claim 1 , wherein 
said background noise outputting means controls, in 
response to the output of said comparison means, 35 
said background noise signal such that a change in 
said background noise signal from a previous level 

to a current level is suppressed below a predeter- 
mined level. 

40 

3. The receiving circuit as claimed in claim 1 , wherein 
said background noise outputting means outputs 
said background noise signal such that said back- 
ground noise signal has no change the output of said 
comparison means is in a first state, has a positive 45 
change when the output of said comparison means 

is in a second state, and has a negative change 
when the output of said comparison means is in a 
third state. 

50 

4. The receiving circuit as claimed in claim 1 , wherein 
said holding means holds the output signal from said 
signal level detection means at timing when said 
voice/silence detection means represents a transi- 
tion is said input signal from a voiced state to a voice- ss 
less state. 
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